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Information-intensive services (IIS), such as financial services, business services, health care, and education, form a large and 
growing part of the service sector in the US economy. In this paper we present a classification of IIS based on their operational 
characteristics. We also propose empirically grounded conceptual analysis and prescriptive frameworks useful for the im-
provement of certain types of US. By conducting statistical analyses of a large sample of claims data from one of the largest 
property and casualty companies in the United States, we isolate key drivers of service performance and identify preemptive 
actions that can favorably impact performance metrics. Those results demonstrate the direct operationalization of the pro-
posed frameworks with primary data. Our conceptual analysis, empirical findings, and the prescriptive framework that 
follow, provide an action plan that can lead to a systemic improvement in the performance of information and customer 
contact intensive services. 
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1. Introduction 
The service sector represents the largest and the fast-
est-growing segment of the economies of the United 
States and other developed countries. For example, in 
the United States, services accounted for over 80% of 
employment in the year 2004 (Spohrer and Maglio 
2008, US Department of Labor 2005). In the past few 
decades, information has also come to play an impor-
tant role in almost every aspect of life. Apte and Nath 
(2007) estimate that in the United States the share of 
information economy in the total gross national 
product (GNP) grew from about 46% in 1967 to about 
63% in 1997. They conclude that, in comparison with 
the total economy, the information economy has been 
growing at a faster rate. Moreover, within the infor-
mation economy, information-intensive services (llS) 
such as financial, business, health care, and education 
are growing at even faster rates. Apte et al. (2008) es-
timate that, in 1997, llS accounted for 56% of GNP. 
The paucity of research in operations management 
regarding services in general and 11S in particular, as 
665 
well as the plausible reasons for this paucity, have 
been well documented (Apte et al. 2008, Chase and 
Apte 2007, Hayes 2002, Metters and Marucheck 2007, 
Roth and Menor 2003). The qualitatively different na-
ture of llS is similarly well documented (Hayes 2002, 
Karmarkar and A pie 2007). The purpose of this re-
search, therefore, is to begin addressing the need for 
research in managing operations in ITS. 
The first goal of this research is to propose conceptual 
frameworks useful for analyzing and improving certain 
types of ITS. We adopt an operations management 
viewpoint and consider issues such as representation 
and analysis of operational processes so as to identify 
actions that can lead to improved operational perfor-
mance. Toward this end, we perform a simple but 
comprehensive conceptual analysis, which yields a 
descriptive framework that is a visual abstraction of 
the latent 11S processes highlighting the importance of 
co-production. This descriptive framework foreshad-
ows our prescriptive framework, which provides an 
action plan that can lead to systemic improvement in 
the overall service outcomes in ITS. 
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The second goal of this research is to illustrate the 
proposed frameworks through their application to the 
insurance claims handling process (CHP) - an IlS 
process. In the insurance industry, in case of a loss, the 
insured files a claim with the insurance company, 
which performs the necessary investigation and eval-
uation of the claim before making the appropriate loss 
payment to the insured. The process of claims inves-
tigation, evaluation, and payment is known as the 
claims handling or claims adjustment process and is 
one of the most essential and basic functions of an 
insurance company. The CHP has a significant impact 
on the profitability of property and casualty (P&C) 
insurance companies, which sell automobile, home-
owners, product liability, and workers compensation 
policies. 
In the year 2007, P&C insurance companies collected. 
about US$450 billion in premiums out of a total of about 
US$1.1 trillion of premiums for the entire insurance in-
dustry in the United States (Insurance Information 
Institute 2008). In P&C insurance companies, over 60 
cents per dollar of premium are spent for loss payment 
with an additional 10 cents spent in claims handling 
operations. Thus, poor performance in claims handling 
can lead to excessively large loss payments in some 
cases and unfairly low payments in others. This results 
in both low profitability and unhappy customers. To 
our knowledge, other than a capacity planning model 
for the CHP (Apte and Cavaliere 1993), claims opera-
tions managers currently have scant help available in 
the form of analytical models and prescriptive methods 
to guide them in their operational activities. To address 
this situation, a large sample of claims from one of the 
largest P&C insurers in the United States was statisti-
cally analyzed. We isolated key drivers of service 
performance and identified actions that can favorably 
impact performance metrics, thereby demonstrating the 
direct operationalization of the proposed frameworks 
with primary data. 
The remainder of the paper is organized as follows: 
ln Section 2, we describe IIS and the characteristics that 
distinguish them from services in general. Subse-
quently, we present a new conceptual analysis and 
descriptive framework that includes formalizing and 
understanding IIS. ln Section 3, we provide a careful 
and detailed application of our conceptual analysis to a 
specific IIS- the CHP of an insurance company. Bodily 
injury automobile claims are analyzed. In Section 4, we 
propose a prescriptive framework for improving the 
operational performance of ITS. The paper ends with a 
summary and conclusions in Section 5. 
2. Conceptual Analysis of IIS 
This section begins with a brief review of prior 
research related to IIS and builds upon it to develop 
a classification of HS based on operational character-
istics. Thereafter, we develop a conceptual analysis 
framework useful for improving the broad class of llS, 
which encompasses the CHP. 
2.1. Classification of IIS 
While there exist a number of useful conceptual 
frameworks of service processes (see Fitzsimmons 
and Fitzsimmons 2006 for an overview), by and large 
these frameworks have been silent on their applica-
bility to ITS. Nevertheless, there exist a handful of 
research publications that deal directly or indirectly 
with the role of information in operations and with ITS 
in general. For example, Roth and Menor (2003) offer 
a generalized research framework for designing, de-
livering, and evaluating services, while Karmarkar 
and Apte (2007) squarely deal with the topic of op-
erations management in the information economy. 
They point out the need for research in this important 
emerging area and adopt a strategic perspective in 
analyzing the impact of modern information and 
communications technology on the industry structure 
in lIS. 
The focus of this paper is on the operations of lIS. To 
better understand the operational level characteristics 
of such services, we refer to the classification frame-
work proposed by Apte and Mason (1995) whereby 
the activities in a service process are divided in four 
categories based on the nature of work performed: 
Informational actions, Customer Contact actions, Mate-
rial manipulation actions, and Other Indirect actions. 
Clearly, the above action types are not mutually ex-
clusive. In a given activity, one may be collecting 
information while also interacting with a customer. 
Apte and Mason further propose that the relative 
amount of time spent in individual types of activities 
can be used to characterize a service process. For ex-
ample, the information intensity of a process is defined 
as the ratio of time spent in dealing with information 
in a process to the total time spent in that process. 
It should be noted here that characteristics such as 
information intensity are more applicable at the level 
of individual occupations or business processes than 
at the level of an entire industry. Thus, although it is 
customary to use a broad brush to paint banking and 
insurance industries as being information intensive, it 
is evident that not all jobs in those industries are in-
formation intensive. Following Apte and Mason 
(2004), we classify an occupation (or a business pro-
cess) according to whether its information intensity is 
high (H) or low (L), its customer contact intensity is H 
or L, and its material intensity is Hor L. Figure 1 gives 
examples of service occupations belonging to different 
occupational classes. As shown in Figure 1, informa-
tion-intensive occupations and processes have a 
profile HHL, HLL, and HLH. It should be noted that, 
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Figure 1 Activity Based Classification of service Occupations. Based on Information, CUstomer Contact, and Material Intensity 
-Actuary 
- Academic Researcher 
- Scientist, Planner 
- Loan Officer, Claims Rep 
- Salesman (High Tech Products) 
- Professional (Law, Medical . etc.) 
· Systems Designer 
HLL - Service Repair Engineer 




Information ln!ensily High 
Low 
- Social Service Worker 
· Receptionist 
· Customer Service 
- Sales 
- Wall Disney World 
- Entertainment 
Low 
- Routine Production Worker 
LHL1-------------<LLH - Manual labor 
8 Legend: 
-Artist 
- Mail/Package Delivery (FedEx) HLL means High Information Intensity 
- Material Movement/Exchange Low Customer Contact Intensity 
Low Material Intensity -Army 
~: Adapted from Figure 2 of Aple and Mason (2004) 
in applying this classification framework, an occupa-
tion being considered should have a sufficiently 
narrow and well-defined scope of work so that the 
occupation can be unambiguously placed in a suitable 
class. The confirmatory test for this classification is to 
conduct an empirical study to measure the fractions of 
time spent in an occupation dealing with information, 
customers, and material. Finally, because most occu-
pations and processes have at least one crucial factor 
and one less significant factor, the classifications of 
HHH and LLL, although possible, may be rarely en-
countered in practice and are not shown in Figure 1. 
Table l describes the nature of work and the oper-
ations management challenges associated with three 
prototypical service occupation classes: information-
intensive, customer~contact-intensive and material-
intensive services. For example, the nature of work 
in US occupations involves collection, storage and 
processing of information, and intellectual activity re-
quiring organization and use of knowledge. The 
typical managerial challenges for such occupations 
include employee selection based on intellectual abil-
ities, training in analytical tools and techniques, and 
in problem solving. As we report later, the job of an 
insurance claims representative belongs to the HHL 
class. Therefore, in developing the conceptual analysis 
framework we will focus our attention mainly on ser-
vices that are information- and customer-contact 
intensive. 
2.2. Framework for Conceptual Analysis 
!IS are frequently produced and consumed simulta-
neously as exemplified by entertainment services such 
as in the performance of an opera or a music concert. 
As in the case of other services, co-production is an 
important characteristic of ITS (Xue et al., 2005). Co-
production implies that both the service provider and 
the customer participate in producing IIS. Thus, the 
production of IIS depends on the interaction of the 
processes of the service provider and the customer. 
This interaction contributes to the potential for a high 
degree of variability in the service creation process. 
Consider, for example, financial planning. The plan-
ning process consists of a series of steps, which 
involve asking questions and providing information 
on the part of both the parties. It is evident that, de-
pending upon the decisions, actions, and information 
provided by the parties, the process could follow a 
large number of alternate paths. 
Information plays at least three critical roles in ITS: 
as an input to the service creation process (e.g., a 
mortgage application), as an enabling factor in the 
service creation process (e.g., monitoring and control 
of information concerning the status of the process), 
and as an output of the service (e.g., a management 
consultant's report or a software program). With re-
gard to the role of information as an input, a critically 
important challenge in US is the collection of appro-
priate information at the right time, and its correct use 
in making the myriad decisions essential to creating 
and delivering services. 
The inherent intangibility of information makes ITS 
intangible. This leads to a fundamental difficulty in 
the measurement and quantification of IIS inputs and 
outputs (Karmarkar and Apte 2007). The traditional 
tools and concepts of operations management such as 
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Table 1 Nature of Wort and Challenges Associated with service ClassHlcation 
Information Intensive 
Nature of Work Intellectual Activity; contemplation, analysis, 
interpretation, comparison, discussion, decision 
making; deal with information (collect, trans-
fonn, etc.); creation, organization, and use of 
knowledge about process 
Examples Software developer, academic researcher, 
scientist 
Operations management Quality of Information; managing information 
challenges creation, incentives, and markets 
Organization structure Collegial not hierarchical, campus-like offices 
Personnel selection Intellectual abilities, level of education 
Personnel training How to think/solve problems, continuing edu-
cation, tools/techniques 
Performance incentives Outcome-based incentives 
Performance measures Performance is difficult to measure; indirect 
measures 
productivity, quality, and cost, depend crucially on 
the ability to measure and quantify inputs and out-
puts of an operational process. Because this ability is 
elusive for !IS, it becomes hard to rely on traditional 
tools of operations management in analyzing and irrl-
proving IIS. For example, counting the number of 
claims closed by an insurance claims representative 
without regard to the quality of that IIS process would 
be like counting the number of mortgage Joans made 
by a loan officer without regard to the quality of that 
IIS process. In the former case, insurers can and do 
incur significant losses in the form of overpayment for 
losses (Lonkevich 1993, Cavaliere 1995). In the latter 
case, mortgage defaults can result, sometimes on a 
large scale as poignantly illustrated by the current 
crisis in the housing industry! In both cases, the qual-
ity of information and decision making is the central 
issue. 
As Karmarkar and Apte (2007) suggest, a funda-
mental tenet of process management can help in this 
regard: if you manage the process correctly, the out-
comes usually take care of themselves. Consequently, 
we adopt a process-centric viewpoint. Moreover, be-
cause the direct measurement of inputs and outputs is 
difficult in IIS, we rely upon managing the service 
creation process through indirect measures (Hatten 
and Rosenthal 1999, Shekelle et al. 2001, Wardlaw and 
Maine 2000). Specifically, to manage the service cre-
ation process in IIS, we identify and measure suitable 
process indicators that can convey if the process is 
functioning satisfactorily. These process indicators can 
include actions taken by the service provider or the 
Customer Contact Intensive 
Highly interpersonal in nature, social 
context is Important, location bound, 
deal . with customer flow, manage 
personal experience (state of mind) 
Disney world character, receptionist, 
social service worker 
Manage employee-customer interaction 
and experience; scripting is important 
Location and people bound; good 
ambiance 
Personable, appearance, outgoing per-
sonality, people person 
&:riptlng 
Outcome-based incentives 
Customer satisfaction measures, time/ 
input measures 
Material Intensive 
Deal with materials (carry, move, 
transform, rearrange, test), use ma-
chines and other automation technology 
Repair technician, material handler, 
mail/package delivery 
Factory as a laboratory to acquire 
empirical knowledge; lean operations; 
quality management; managing supply 
chains 
Organization design is closely linked to 
physical flow of materials 
Physical dexterity, manual strength, 
tactile skills 
Drill, process rules, safety 
Output-based incentives 
Output performance measures, statisti-
cal process control 
customer as well as interim process outcomes, and 
operating/ external conditions. 
In Figure 2 we present a conceptual diagram of 
process management in US. The structure of the ser-
vice creation process, the factors that influence the 
performance of the process, and the service outcomes 
are shown, respectively, in the left, middle, and right 
panels of Figure 2. As shown in the left panel of Fig-
ure 2, co-production leads to a common repetitive 
structure in the roles and the production processes of 
the service provider and the customer: each party 
takes an action so as to elicit or provide the information 
necessary in creating the service. This information is 
then used to diagnose the situation and to make a 
decision that leads to the next action, and so on. As a 
result of co-production, the actions taken by one party 
have an impact on the information, decisions, and ac-
tions of the other party. The specific process path 
followed in IIS and the realized outcomes are there-
fore determined by the series of actions taken by both 
parties in their respective production processes. For 
example, in the loan application process we can ob-
serve the iterative process as: Loan Application 
(Information) ~ Prelirrlinary criteria satisfied? (De-
cision) ~ Assign to loan officer who requests more 
applicant information (Action) ~ Receive updated 
information (Information) ~ Decide to evaluate ap-
plicant assets (Decision) ~ Request asset infor-
mation (Action), and so on. 
It is within the service creation process that the im-
pact of information intensity is most strongly felt. It is 
evident that consistently making correct decisions 
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Figure 2 Process Management in Information-Intensive Services: A Conceptual Diagram 
Service Creation 
Process 
requires high-quality (i.e., relevant, accurate, timely, 
and credible) information. Hence, in taking actions 
required to create and deliver the service, the service 
provider should analyze the impact of those actions 
on the quality of information being received and en-
sure that suitable actions are taken so as to obtain the 
highest possible quality of information. 
Harker and Zenios (1998) present a framework to 
better understand what is and what drives the per-
formance of financial institutions. They suggest that 
the performance of financial institutions should be 
measured along two dimensions: quality of financial 
services delivered to clients, and efficiency of financial 
intermediation and risk management. Given the op-
erations management perspective adopted in this 
research, we focus on the first dimension - service 
quality. Implicitly drawing from established and well-
known approaches such as Balanced Scorecard 
(Kaplan and Norton 1992) and Key Performance In-
dicators (Jones et al. 2007), we plan to evaluate the 
performance of an organization by using multiple 
performance metrics and not just a single metric. 
Thus, as shown in the right panel of Figure 2, we use 
multiple performance metrics of a service, such as the 
cost, quality, customer satisfaction, and the cycle time. 
The performance metrics depend on the actions 
taken by both parties during the process and the in-
termediate outcomes of the process as well as the 
Factors Influencing 


























inherent characteristics of the service provider and the 
customer. These are shown in the middle panel of 
Figure 2 under the heading of factors influencing per-
formance . We should point out that the relationship 
between the service crea lion process and the process 
indicators is bi-directional. The service creation pro-
cess clearly has an impact on process indicators, but 
the latter also has an influence on the former. For ex-
ample, in insurance claims handling, if a lawsuit is 
filed by the claimant, the activities carried out by the 
employee handling the claim are substantially differ-
ent. The critical factors influencing performance are 
called performance drivers. Management of the service 
creation process requires that we identify and mea-
sure suitable process indicators. Interestingly, the 
actions taken by the service provider and the cus-
tomer as well as interim outcomes can serve as 
process indicators that show if the process is func-
tioning properly or not. As depicted in Figure 2, 
inherent characteristics as well as process indicators 
constitute the factors affecting service performance. 
Unfortunately, by their definition, the service provider 
does not have an opportunity to control the inherent 
characteristics of the customer and thereby favorably 
influence service outcomes, except perhaps in a long-
term strategic sense. Alternatively, some process in-
dicators are adjustable, and give the service provider a 
powerful mechanism with which to influence service 
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outcomes. We further analyze this opportunity later in 
the paper. 
With our conceptual analysis in place, we now have 
a structural roadmap to analyze the service creation 
and delivery process of an US and determine the per-
formance drivers and adjustable process indicators for 
improving the operational performance of the service. 
3. 115 Empirical Study and Application 
of Conceptual Analysis 
In the several sub-sections below, we describe the 
CHP and methodically analyze primary data on bod-
ily injury claims from one of the largest P&C insurers 
in the United States in order to test two process-
driven hypotheses. We also suggest how to favorably 
influence a key adjustable process indicator. 
3.1. Data Collection Methodology 
The purpose of the data collection in our study was to 
discover the factors influencing performance (inherent 
characteristics, process indicators, and performance 
drivers) of the CHP for the insurance company. Data 
were collected on auto policies with bodily injury 
claims. The insurance company covered the entire 
United States. A test region on which to focus was 
identified by company management. We began the 
process of personal interviews with supervisors and 
claims representatives (or reps for short) throughout 
the region; in effect, harvesting their expertise to com-
bine with our own. Our choice of performance metrics 
was mainly guided by the service outcomes shown in 
Figure 2. In our process-centric approach, service qual-
ity is determined by the quality of the claims 
adjustment process, which, in turn, is directly related 
to the number of work hours a rep spends adjusting 
the claim. Consequently, loss payout, closing age, and 
work hours were chosen as performance metrics. We 
note that service quality, embodied in work hours, has 
the potential to affect both loss payout and closing age 
of claims. 
In order to better understand the collected claims 
data, an explanation of a certain claims property is 
necessary. A claim report, giving rise to a claim file, 
can involve multiple claimants. Thus, an insurance 
claim can be viewed at the file level and at the claim-
ant level. At the file level, the claim is viewed as 
having certain characteristics without regard to the 
number of claimants. For example, the file level loss 
payout is the total loss payout to all claimants in that 
claim. Alternatively, at the claimant level, one claim-
ant may have severe injuries while another claimant 
of the same claim may not. Frequently, a characteristic 
will be imputed to the file level of a claim if any one of 
the claimants in that claim has the characteristic. Most 
of our analyses occur at the file level. However, an 
important analysis concerning attorney presence dis-
cussed in Section 3.5 occurs at the claimant level. 
Based on interviews, management input, and our 
modeling experience, we created a list of CHP char-
acteristics and performance metrics-variables on 
which to gather information. As an important step 
in process assessment, rep activity data were analyzed 
to determine the process flowchart for the claims 
handling operation. To the extent that each claim has 
unique characteristics, the claims handling operation 
takes on the character of a customized process. Hence, 
it was not surprising to find that the activities in-
volved in the process and their sequence changed 
depending upon the characteristics of the claim. For 
example, the CHP followed a different path depend-
ing on whether or not a claimant was represented by 
an attorney. 
The data collection project lasted IO days. Each day, 
times were recorded for the rep's various activities: 
meeting with claimants, updating file logs, driving to 
meet claimants ("windshield time"), attending ad-
ministrative meetings, etc. Using the information 
intensity classification explained earlier (Apte and 
Mason 1995), the data were analyzed to estimate the 
relative amount of time a rep spends on information 
and customer-contact activities. These activities are 
not mutually exclusive, and to that extent, claims 
handling is both information- and customer-contact-
intensive. Approximately 66.4% of a rep's time is 
spent in dealing with information and approximately 
30.4% of time is spent on customer contact activities. 
There exists an overlap of 24.2% of time between the 
informational and the customer-contact activities. 
In addition to collecting daily activity information, 
claims managers were asked to select, in conjunction 
with reps and rep supervisors, a representative sam-
ple of closed claims. Forms were designed so that reps 
could collect information on these closed claims. A 
pilot study was conducted to debug the forms, val-
idate the choice of variables and train the supervisors 
who would oversee the reps during the data collection 
project. 
There were practical constraints to collecting the 
data. The claim files were paper files and there was no 
effective sampling frame from which to choose a ran-
dom sample. Nevertheless, in our data collection, 
steps were taken to ensure a representative claims 
sample. 
The population sampled was the insurer's collec-
tion of recently closed claims (within the last 6 
months) which were adjusted by experienced reps in 
the test region. The CHP can be significantly influ-
enced by the experience level of the rep handling the 
process. During the training period, which can last up 
to two years for bodily injury claims, reps are given a 
reduced workload and are assigned simpler claims. In 
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contrast, fully experienced reps, which constitute over 
90% of all reps, handle claims of differing types and 
difficulty levels. Hence, to ensure a representative 
sample of claims and claim adjustment work, we con-
fined our data collection to claims closed by 
experienced reps. 
Each claims rep reports to a supervisor who, in ad-
dition to supervising five or six reps, carries a reduced 
claims caseload. Each supervisor in the region ran-
domly selected two experienced reps to participate in 
the data collection exercise. In addition to providing 
daily activity information, each selected rep chose 20 
recently closed claims on which to collect information. 
Reps recorded objectively classified characteristics on 
closed claims. Additionally, claim work hour infor-
mation was recorded, which called for subjective 
judgments. Reps reviewed claim log fil es, prepared a 
chronological list of activities, estimated duration of 
each activity, and finally computed the total work 
hours for each claim. In conjunction with their super-
visor, reps selected claims that represent the various 
types of claims encountered by the rep. 
In this data collection project, there were two main 
areas where bias was a risk: Selectivity bias in choos-
ing a claim to be included in the sample, and 
information bias in accurately reporting the informa-
tion for that claim. 
In order to reduce selectivity bias, reps selected 
claims in conjunction with their supervisors who 
were responsible for assigning claims to their reps 
on a daily basis. The supervisor was familiar with 
the rep's claims, having initially reviewed and then 
assigned them to the rep. The supervisor's assess-
ment of and feedback on the rep's choice of claims 
would provide an independent check that the claims 
sample was representative. Consequently, the judg-
ments of the two people most familiar with the rep's 
body of claims were used to ensure a representative 
sample. 
In regards to information bias, reps could be reluc-
tant to provide accurate information on their work 
hours since it could be used during their performance 
reviews. Great care was taken to assure reps that that 
was not the case. Rep identities were coded on the 
data collection forms, which were securely collected 
by external personnel. Management agreed to remain 
unaware of the coding. All of this was explained to 
the reps at the outset. 
The data collection was conducted and the results 
entered into a database. The resulting data set con-
tained 1084 file level claims which yielded 1442 
claimant level claims. Our original list of variables 
was adjusted (in consultation with claims reps and 
management) to include the performance metrics and 
the variables that impacted these metrics. The final list 
appears in Table 2. The first three variables were 
identified as performance metrics and the remaining 
ones were identified as factors influencing perfor-
mance. Classification of inherent characteristics and 
process indicators (adjustable or otherwise) was ac-
complished in consultation with claims reps and their 
supervisors. The opinions of claims reps and their 
supervisors on actions that could influence adjustable 
process indicators were also carefully recorded. 
3.2. Process-Driven Hypotheses 
In our field interviews we found that claims reps and 
managers considered the inherent characteristics and 
process indicators in Table 2 to have considerable in-
fluence on the performance metrics. For the sake of 
simplicity, and as seen in Figure 2, we collectively la-
bel the inherent characteristics and process indicators 
as factors influencing performance or simply factors. 
Our interviews revealed that most reps and managers 
believed that among inherent characteristics and pro-
cess indicators, the presence of an attorney was the 
most important performance driver. This naturally led 
Table 2 CHP Variables Used In Analysis 
Variable Explanation 
Performance metrics 
yt.osPay Loss payout lor ciaim 
yClosAge Closing age of claim 
yHr.;Wrk Rep work-hours re-
quired to close claim 
Inherent characteristics 
x1ClmtVol Number of claimants 
x2CovType Coverage type 
x3CovComplex COverage complexity 
x41njSev Injury severity 
xSTnLow Short treatment dura-
lion 
x6TrtMed Medium treatment 
duration 
x7TrtHigh Long treatment dura-
tion 
x9ClrLiab Presence of clear lia-
bility 
x12LocAural Rural claimant loca-
tion 




Presence of chiro. or 
therapist 






O = > 2 daJmants, 
1 = up to 2 claimants 
o = non-bodily injury, 
1 ~ bodily injury 
O = not complex, 
1 =complex 
O = not severe, 
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us to formulate the following testable hypothesis: 
Hypothesis 1: Among the subset of factors influencing 
performance, i.e., among the subset of inherent character-
istics and process indicators that explain a significant 
portion of the variation in the performance metrics, attor-
ney presence has the most significant impact on each 
performance metric. 
The data were subjected to statistical modeling, 
analysis, and inferential techniques. The next section 
and supporting information Appendix SA 1 present 
the procedures adopted and also highlight some of 
the difficulties faced when developing explanatory 
statistical models for the CHP. 
3.3. Statistical Analysis, Observations, and 
Modeling of Claims Data 
In the data collection project we identified three per-
formance metrics: Loss Payout, Closing Age, and 
Work Hours. lt is our understanding, corroborated by 
claims managers, that these metrics collectively serve 
as surrogates for the cost, quality, cycle time, and 
customer satisfaction shown in Figure 2. A simple 
correlation analysis of the dependent (performance 
metrics) and independent (inherent characteristics 
and process indicators) variables is discussed in Ap-
pendix SAL Note that variable transformations have 
been applied to the dependent variables. The basis for 
these transformations and their practical significance 
is also explained in Appendix SA 1. We developed si-
multaneous equation models to explain the variation 
in performance metrics and to better understand the 
CHP. If loss payouts were partially explained by both 
hours of work and closing age of the claim, we could 
have developed recursive simultaneous equation 
models (Greene 2003) using the method of ordinary 
least squares (OLS). 
We now focus our attention on the problem of 
model specification and estimation. Let X be the 
1084x 13 matrix of independent variables including 
the intercept. Let~, /J, y each represent 13xl column 
vectors of regression coefficients. The dependent vari-
ables and any transformations of them are expressed 
as column vectors of the order 1084x1. Initial model 
specification assumed the following structure, where 
Hours of Work, Closing Age, and Loss Payout are used 
interchangeably with their respective mathematical 
counterparts yHrs Wrk, yClosAge, and yLosPay. 
Hours of Work = x~ + e 
Closing Age = Xfi + \ 




where c, \, and e are column vectors of stochastic dis-
turbance terms. 
At the outset, the model specification in equations 
(1)-(3) was the simplest possible and did not involve 
estimating simultaneous equations. The models were 
simply analysis of variance models. However, we 
found that such an overly simplistic specification in 
equations (1)-(3) resulted in considerable he-
teroscedasticity and non-normality of the error terms 
in addition to poor explanatory power as indicated by 
the respective coefficients of determination. We esti-
mated simultaneous equations and conducted 
specification tests resulting in the final equations 
shown in equations (4)-(6) below. Details on estima-
tion are relegated to Appendix SAL In the estimation 
procedure described in Appendix SAl, the equations 
(1)-(3) are shown as equations (Al)-(A3), respectively, 
and so on. 
3.4. Inferences and Observations 
As described in detail in Appendix SA 1, we used for-
mal estimation procedures to derive equations (4)-(6). 
It is clear from equations (4)-(6) that only a subset of 
the factors influencing performance significantly 
affects the performance metrics. Moreover, we 
confirmed during the stepwise regression stage 
that attorney presence has the highest partial correla-
tion coefficient among the partial correlation 
coefficients of all inherent characteristics and process 
indicators. 
Ln(Hours of Work) =2.18 - 0.395 x x1Clmtvol 
+ 0.267 x x41njSev 
+ 0.35 x x7TrtHigh 
+ 0.364 x x10Attorney 
+ 0.386 x x11Suit (4) 
(Closing Age) 112 =6.78 + 2.89 x Ln(Hoursof Work) 
- 2.75 x x5TrtLow 
+ 1.95 x x8MedPers 
+ 5.79 x x10Attorney 
+ 4.90 x xllSuit 
Ln(Loss Payout) =5.83 + 0.527 x Ln(Hours of Work) 
+ 1.20 x x41njSev 
- 0.46 x x5Tr1Low 
+ 0.597 x x8MedPers 
+ 1.37 x x10Attorney 
(5) 
(6) 
For equation (4), we observe that five performance 
drivers collectively explain (based on adjusted R2) 
about 30% of the variation in Ln(Hours of Work) using 
the OLS estimates. The overall adjusted R2 using all 
factors influencing performance is 35.3%. The coeffi-
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Rguro 3 Relationship between P8rtonnance Metrics and Factors Influencing Po<lonnance 
cients have the appropriate signs. For example, as 
claimant volume goes from high to l<>w, the hours 
of work required to close a claim goes down by about 
32% (this and further calculations are based upon the 
appropriate reversal of the log transform and noting 
the elasticity measured). Similarly, if the injury is 
severe then the hours of work increase approximately 
31 %. The presence of an attorney results in an almost 
44% increase in the hours of work. 
For equation (5), we observe that four performance 
drivers and the hours of work collectively explains 
(using adjusted R') about 56% of the variation in the 
square root of the dosing age of the claims. As 
discussed in Appendix SAi, we use the GMM 
estimates. (The overall adjusted R2 using all factors 
influencing performance is at 58%.) Again, we observe 
that the signs of the regression coefficients reflect 
what would be expected in practice. Consider, for 
example, the impact of attorney presence on the 
square root of closing age. The presence of an attorney 
results in an expected increase in the square root of 
the closing age by about 6 days. While it is not 
accurate to state that this translates to a 36-day 
increase on average in the closing age when an 
attorney is present, the indication is that attorney 
presence significantly increases the closing age of the 
claim. One peculiar aspect of equation (5) is the sign 
of the coefficient for low treatment duration. We 
conjecture that, due to a disproportionately larger 
number of hours of work that on average go into 
settling this type of claim as compared with the base 
case of a claim with no treatment (we have verified 
this based on our data), the net effect could be that the 
claims with low treatment duration seem to get settled 
faster. Further discussion on multicollinearity and 
other diagnostics related to this issue is releg~ted to 
Appendix SA 1. 
We also observed, based upon equation (6), that 
claims with low treatment duration may be settled for 
37% Jess loss payout as compared with claims with no 
treatment. This may also be due to the nature of the 
injury, which requires low treatment duration, and 
therefore a clear-cut loss payout is easier to establish. 
Equation (6) has some interesting implications. It 
indicates that the presence of medical personnel can 
result in an increase in Joss payout by about 82%. A 
severe injury results in about a 230% hike in the 
average loss payout. Finally, the presence of an 
attorney results in almost a 300% increase! This again 
highlights the important role that an attorney plays as 
well as the need to influence attorney presence. 
We use our statistical models to confirm that the 
attorney presence is the most important driver of all 
performance metrics. In fact, as can be observed from 
Figure 3, which shows the directions of various 
relationships, attorney presence is the only common 
factor explaining variation in all performance metrics. 
Effectively, we fail to reject Hypothesis I stated earlier. 
To the extent that the regressions explain variation, 
we identified relationships between the claims 
characteristics and Work Hours and Loss Payout that 
are summarized in Table 3. Some of these character-
istics are also associated with significant increases in 
claim closing ages. We also find that as Work Hours 
increase, Loss Payout approximately increases accord-
ing to the square root of Work Hours, thus 
highlighting the importance of Work Hours in Table 3. 
Substantiating and clarifying, through quantitative 
analysis, the collective experience and judgment of 
claims reps and managers is important. It helps to 
better understand the complex CHP. Equally im-
portant, however, is providing actionable information 
to claims managers so that they can influence the 
(adjustable) process indicators and thereby improve 
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Table 3 Impact of Claims Characteristics on Operating Characteristics 
Characteristic % Increase In Operating Characteristic 
Attorney presence 294 Loss payout 
Injury severity 232 Loss payout 
Medical personnel presence B2 Loss payout 
Claimants per claim 4B Work hours 
Lawsuit 47 Work hours 
Attorney presence 44 Work hours 
Long treatment duration 42 Work hours 
Injury severity 31 Work hours 
one or more performance metric(s). This is discussed 
in the next section. 
3.5. Identification of Preemptive Actions Affecting 
Adjustable Process Indicators 
Are there any other indirect factors, perhaps not 
measured up to this point, that significantly affect the 
likelihood that a claimant will hire an attorney? This is 
an important question. Claims managers and reps felt 
that the severity of the injury and the location of a 
claimant (rural vs. not rural) were highly correlated 
with the claimant's decision to hire an attorney. 
Clearly, as indicated by their inherent status in Table 
2, these two factors were out of the control of the 
managers and the reps. If we consider the stressful 
conditions that affect and help to define the claimant's 
decision-making process, then any actions that 
mitigate the uncertainty and anxiety of a claimant in 
that process will likely reduce the claimant's need to 
seek legal representation. The key process indicator, 
attorney presence, is adjustable. The service provider 
(insurance company) can therefore initiate preemptive 
actions to influence the process indicator in favor of 
the service provider. In the current study this would 
mean taking actions to minimize the likelihood of the 
claimant hiring an attorney. 
Once more, our observations at the interview stage 
led us to believe that the Time-to-contact, i.e., the time 
to the first attempt (measured on a temporal scale) of 
any kind to contact the claimant, was instrumental in 
affecting the presence or absence of an attorney. We 
were also able to develop an analytical justification of 
early contact as an important adjustable process 
indicator. This analysis is presented in Appendix 
SA2. Moreover, recent accounts (Sack 2008) indicate 
that effective customer contact can have verifiable 
impact on a claimant's willingness to pursue litiga-
tion. We should point out that this early contact is 
designed to influence the decision to engage an 
attorney in the first place. Frequently, such decisions 
are made early on and under duress. The early rep-
claimant contact we consider here is preemptive in 
nature and antecedent to the multistep negotiation 
process between the insurer and claimant in pre-
discovery or pre-trial settlement attempts. Several 
models of those negotiations exist which explain how 
information asymmetries can affect settlement delay 
and increase costs (Browne and Puelz 1996, Fenn and 
Rickman 2001, Nalebuff 1987). They are beyond the 
scope of the present work. Consequently, we 
hypothesize the following: 
Hypothesis 2: Attorney presence can be preemptively and 
significantly affected by Time-to-contact. 
Hypothesis 2 claims that Time-to-contact is an 
indirect but important factor affecting attorney 
presence. If we fail to reject Hypothesis 2, the 
importance of Time-to-contact would be further 
highlighted. This is because, in conjunction with our 
failing to reject Hypothesis 1, it would establish the 
(indirect) impact of Time-to-contact on one or more 
performance Inetrics even if it is "via" attorney 
presence. 
We theorized that the sooner a claims rep makes 
contact with the claimant and provides feedback and 
reassurance on the claim status, the less likely it is for 
the claimant to hire an attorney, ceteris paribus. This 
conjecture needed further testing in order to provide 
recommendations to the managers and reps. It had 
not been anticipated during the data collection and 
database design. The necessary information was not 
recorded in our original database. We had to re-
examine archived hard copies of our claim files 
sample. Using 1442 claimant level claims with non-
zero loss payout and where the claimant was either 
contacted in person and/ or via a two-way phone 
conversation and/ or a one-way phone call or a letter, 
we derived the following additional variables (all 
measurements in days): 
• Time to one-way contact: The initial time lag 
between the filing of the claim and the rep 
writing to the claimant, or the time lag until the 
rep calls the claimant and leaves a voicemail. 
• Time to two-way phone contact: The initial time lag 
between the filing of the claim and the rep 
speaking to the claimant on phone. 
• Time to personal contact: The initial time lag 
between the filing of the claim and the rep 
making direct face-to-face contact with the 
claimant. 
• Time-to-contact: The arithmetic minimum of Time 
to one-way, two-way phone and personal contact. 
Thus, as mentioned earlier and detailed above, the 
Time-to-contact represents the first attempt of any kind 
to contact the claimant and is expected to be under the 
control of the claims rep. This helped us investigate 
whether a proactive approach by the claims rep could 
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affect the interim outcome of an attorney being hired 
by the claimant. We therefore chose to use Time-to-
contact along with location and injury severity for 
predicting the probability of attorney presence. We 
first conducted a rough-cut analysis by dividing the 
Tune-to-contact into classes of roughly 5 days each as 
shown in Figure 4. A simple probability measure was 
calculated for each time class by dividing the number 
of records with an attorney present by the total 
number of records in the class. Figure 4 indicates the 
Likelihood of attorney presence increases with Time--
to-contact. 
We conducted a multiple logistic regression, the 
results of which are shown in Table 4 and further 
technical discussion is given in Appendix SA I. The 
four variables defined below were used in the logistic 
Table 4 Likelihood of Altomey Presence: Logistic Regression Analysis 
Model Fit Statistics: Analysis of Maximum Likelihood Estimates 
Standard Wald 
Parameter Of Estimate Error l Pr>z2 
Intercept -1.5940 0.1445 121.6860 <.0001 
LOCATION f.0285 0.1529 45.2339 <.0001 
INJSEV 1.7481 0.1887 85.8095 <.0001 
Time_to_Contact 1 0.0728 0.0129 31 .8607 < .0001 
Odds Ratio Estimates 
Point 95% Wald 
Effect Estimate Confidence Limits 
LOCATION 2.797 2.073 3.n5 
INJSEV 5.744 3.968 8.315 
Time_to_Contact f.076 1.049 f.103 
All parameter estimates are significant at the 1% level. 
regression. ATTORNEY (0 =Attorney not present, 
1 = Attorney present) is the dependent variable 
• lNJSEV (0 =Non-severe injury, 1 = Severe injury) 
• LOCATION (0 =Rural, 1 = Urban/ Suburban) 
• Tune_to_Contact (Time-to-contact in days) 
Note that the coding scheme of Table 2 was reversed 
for the location variable seen above. Additionally, the 
correlation coefficients were not representative as we 
were now working with claimant level rather than file 
level data. As observed in Table 4, all explanatory 
variables were significant based upon the Wald statistic. 
Moreover, Table 4 shows that all odds ratios have 
confidence intervals, which do not contain I. Several 
observations are possible. While we are more interested 
in the Tune_to_Contact variable because it is under rep 
control, we include discussion on the impact of location 
and injury severity variables for completeness. 
Let us examine the 95% confidence intervals for 
odds ratios. They indicate that, all else held constant, 
the odds are between 2.1 and 3.8 times higher that a 
claimant belonging to an urban location will hire an 
attorney. Similarly, the odds are between about 4.0 and 
8.3 times higher that a claimant with a severe injury 
will hire an attorney. Finally, the odds that the claimant 
will hire an attorney increase between 4.9% and 10.3% 
for each day that passes without contact by a rep. 
Using the point estimate of the logistic regression 
parameter for Time_to_Contact, we can calculate that 
the odds of hiring an attorney double at about 10 days 
without contact and triple at about 15 days without 
contact. Late contact can make things worse from the 
claims handling perspective. It is now apparent that 
we fail to reject Hypothesis 2. 
The impact of Time-to-contact on attorney presence 
is an important finding. It provides management with 
a lever that it can use to influence the performance 
metrics and the overall CHP. Timely interaction 
between claims rep and claimant can preempt 
attorney involvement, which is arguably the most 
important performance driver. Moreover, this timely 
interaction has several other potential benefits: it can 
preserve factual information quality, which usually 
degrades over time, it can mitigate claimant anxiety, 
and it can foster a cooperative rep--claimant relation-
ship. All these benefits improve the service creation 
process of the service provider. 
4. A Prescriptive Framework for 
Improving the Performance of 
Information and Customer Contact 
Intensive Services (ICCIS) 
Earlier we presented a conceptual analysis framework 
useful for representing and analyzing ITS and 
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empirically tested it using the real life data gathered at 
one of the largest P&C insurance companies in the 
United States. We now propose a prescriptive frame-
work for improving services that are both information 
and customer contact intensive. 
Using Figure 2 as our guide to process management 
in ICCIS, we envision two complementary approaches 
for improving the operational performance of ICCIS 
(see Figure 5). The first is targeted at favorably 
influencing the performance drivers, while the second 
is directed at improving the quality of information 
gathered in the service creation process. 
As illustrated in the top portion of Figure 5, the 
factors influencing performance must be identified 
before process improvement can begin. An empirical 
study of completed cases of ICCIS should be under-
taken to collect data on inherent characteristics, process 
indicators, and the associated performance metrics. The 
collected data should then be analyzed to determine 
performance drivers. As illustrated in the empirical 
study, an interesting aspect of the proposed framework 
would be to determine if there exist some performance 
drivers that can be influenced or controlled by service 
provider actions. These adjustable performance drivers 
are potentially very important since they represent an 
opportunity for the service provider to favorably 
influence the performance of the process. 
The lower portion of Figure 5 is targeted at 
collecting high quality information, which is essential 
for making correct decisions in creating and deliver-
ing US. In this task, the provider should identify the 
decisions critical to service performance and further 
identify the information needed to make those 
decisions. Finally, the provider should identify the 
specific actions that can improve the quality of 
the needed information and implement them. These 
steps are represented in the lower portion of Figure 5. 
As we noted earlier in the empirical study, certain 
actions cannot only favorably influence the perfor-
mance drivers but also help to collect high-quality 
information. In insurance claims handling, when the 
rep telephones or makes personal contact with 
the claimant early on, the action not only reduces the 
likelihood of the claimant hiring an attorney (the upper 
branch of Figure 5) but it also improves the likelihood 
that the claimant will develop a more trustworthy 
relationship with the rep. This can result in useful and 
credible information when solicited by the rep. Hence, 
this early contact is an action which can also improve 
information quality and, consequently, allow improved 
decisions (the lower branch of Figure 5). We should 
point out that in our empirical study we clid not 
implement and study the steps shown in the lower 
portion of Figure 5. But we believe that these steps can 
be very beneficial to the gathering of high-quality 
information, which is the life-blood of IIS. 
Building upon our earlier conceptual analysis of 
Figure 2, the prescriptive framework presented in 
Figure 5 also involves formally analyzing the overall 
service process using both branches presented therein. 
Its importance lies in targeting the improvement of 
ICCIS. Specifically, it provides a sound action plan to 
improve information quality, favorably influence 
adjustable process indicators, and ultimately improve 
the service performance. 
We feel compelled to point out that the theoretical 
contributions of this paper informed, and were 
informed by, the analysis that took place within the 
insurance application. This was a cliscovery process. 
The famous philosopher john Dewey (1934) asserts and 
we quote, " In any experiment of thinking, premises 
emerge only as conclusions become manifest." This was 
indeed our experience in developing the conceptual 
analysis approach and proposed prescriptive frame-
work for managing and improving JCCIS. 
5. Summary and Conclusions 
IIS form a large and growing part of the services 
economy. We evaluated the fundamental characteristics 
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of US such as intangibility and co-production and 
found that these characteristics make it particularly 
challenging to manage and improve ITS. The tradi-
tional tools and concepts of operations management, 
such as productivity, quality, and cost, depend 
crucially on the ability to measure and quantify the 
inputs and outputs of an operational process. 
However, the intangibility and co-production char-
acteristics of IIS cause a fundamental difficulty in the 
quantification of IIS inputs and outputs. Conse-
quently, it becomes hard to rely on traditional tools 
of operations management in managing and improv-
ing IIS. Hence, there exists the need for sound 
conceptual analysis and a prescriptive framework 
for operations improvement. 
We adopted a process-centric viewpoint to argue that 
the service creation process in US should be managed 
through indirect process measures. Specifically, we 
suggest that suitable process indicators, which can 
convey if the process is functioning properly, be 
identified, measured and monitored. In addition to 
process indicators, inherent characteristics of the service 
provider and the customer also influence process 
performance and outcomes. Our conceptual analysis 
of IIS depicts the service creation process, the factors 
influencing performance and the service outcomes, 
along with the interrelationships between them. The 
critical factors influencing performance are designated 
as perfonnance drivers. We also embrace the notion that if 
some performance drivers (specifically, process indica-
tors) are adjustable, it is particularly advantageous to 
identify actions affecting those performance drivers 
because they represent a significant opportunity for the 
service provider to favorably influence service perfor-
mance and outcomes. 
The prescriptive framework for process improvement 
(Figure 5) takes advantage of the conceptual analysis 
presented in Figure 2 in two ways: First, it prescribes a 
procedure that a service provider can use to isolate a set 
of performance drivers that critically influence the 
process performance and outcomes. Furthermore, 
identification of adjustable performance drivers as-
sumes particular importance. Second, within each 
party's production process, information plays a crucial 
role. Consequently, we suggest that the service provider 
identify and adopt the specific actions and procedures 
that can improve the quality of information. These are 
the two paths to process improvement identified in the 
prescriptive framework of Figure 5. It should be noted 
that there is symmetry of roles in the service creation 
process induced by co-production. Thus, the service 
provider as well as the customer can equally well seek 
to improve her production process and take preemptive 
actions to influence service outcomes. 
We illustrated and formalized the conceptual 
analysis through an application to a specific ICCIS -
the insurance CHP We investigated the impact of 
various claim characteristics on three important 
performance metrics: claim loss payout, work hours 
needed to close a claim, and claim closing age. Work 
hours and closing ages are directly linked to claims 
division's staffing levels through capacity planning 
models while the loss payouts are linked to overall 
profitability of the insurer. Two of our most significant 
findings in managing and improving the CHP are: 
First, attorney presence is the key performance driver 
that has the largest impact on process performance. 
Second, early claimant contact can significantly 
reduce the chance of attorney presence. Early contact 
can also facilitate the claimant's cooperation and 
improve information quality. Because high-quality 
information is crucial for successful claims investiga-
tion and assessment, process performance and 
outcomes are improved . Interestingly, in the CHP, 
the same action provides process improvement along 
both branches in Figure 5. 
Finally, Figure 3 represents, to the best of our 
knowledge, the first methodical attempt at under-
standing the performance metrics and factors 
affecting those metrics for P&C insurance claims 
handling-an important llS in the US economy. 
Moreover, the CHP application represents one of the 
early attempts at understanding and representing an 
llS with the aid of a conceptual analysis (Figure 2) and 
formalizing it more fully by developing a comple-
mentary prescriptive framework (Figure 5) that 
targets process improvement. 
Avenues for future research are numerous and 
include extension of this research to other types of HS, 
specifically to HLL and HLH classes of IlS. Applica-
tions to P&C insurance claims different from bodily 
injury, or even applications to the life/health insur-
ance industry can also be undertaken. We believe any 
case-based ICCIS such as governmental social service 
or loan processing in banking can profit from the 
proposed conceptual analysis and prescriptive frame-
work. 
There are limitations to our study. Claims handling 
operations share a large part of their process and 
information flow infrastructure with the general 
corpus of financial services. However, our findings 
may need to be modified when the levels of customer 
contact and material intensity are markedly different 
from those observed in a claims handling operation. 
As other instances of IIS are analyzed and theory 
developed further, we eagerly anticipate extension 
and refinement of our work. 
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